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Introduction

In determining a model for predicting the comfort level of passengers
on commercial alrcraft it is sufficient to be able to assess his or her
overall reaction to the flight environment. The data needed for the model
can be obtained by direct assessment of passenger reaction and correlation of
these responses with the flight environment, This approach has two major
drawbacks: a) it is an expensive procedure, if the model is to include all
combinations of flight environment which can be encountered; and, b) many flight
environments of inferest for future systems are not encountered at all. The
passengers, however, are the group for which a model is required; therefore,
some means to obtain the desired results must be found., There are two methods
for obtaining the information: a) finding a special test group of subjects
whose responses correlate with those of passengers; and b) reliance on experienced
crew and flight attendants to assess the comfort of their passengers. EitHer
of these groups could then be used in an extensive flight and grouéd simulation
program to assess those aspects of the flight environment which cause discomfort.
One of the areas to be considered in this report is an assessment of the degree
to which a special subject group or crew/flight attendants are a true represent-
atlon of the passengers.

A second factor which must be considered is the effect of time Sequence on
overall response. The designer needs some method by which he can take a time
history of an aircraft's flight environment and determine what the overall
passenger response will be. A means of predicting the manner in which information
is processed (integrated) throughout a flight to arrive at an overall comfort

response is presented.



Data Acquisition

The data was obtained on regularly scheduled commercial airline flights
(Allegheny Airlines). On each flight where questionnaires (Figure 1) were
distributed to the passengefs (which they completed just prior to landing},

a questionnaire (Figure 2) was given to each crew/flight attendant and to
each of one orrtwq special subjects (Figure 3). In addition, the special
éubjects gave running indications (every 2 - 4 minutes) of their level of
comfort during the flight, Data was obtained on three aircraft, the Twin Otter,

Volpar Beach 18, and NORD 262,

Passenger/Crew Responses

The relationship between the responses of the crew and those of the
passengers can be seen in Figures &4 and 5. Figure 4 shows that over all flights
the crew (including flight attendants) are essentially insensitive to the motion
environment (rarely uncomfortable). This is further seen by comparison of the
overall means:

Crew Mean = 1,72

Passenger Mean = 2,65

It is important to note that the crew is being asked to assess their pass-
engers comfort level, not their own, and on an average consider their passengers
to be between very comfortabie and comfortable,

Figure 5 is a scattergram of crew versus passenger mean response for each
flight, As can be seen, there is no discernfble relationship between the two

with only 25% falling within +.5 of the P=C (Passenger = Crew) re5p0nsé line.1

1Since the data is integer valued, round-off will result in a zero average
error if the error is randomly distributed.
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e UNIVERSITY Ten minutes before the end of this flight,
' _ please answer the following two questions
ALLEGHENY COMMUTER OF without consulting other members of the
o - i VIRGINIA . flight crew. Your answers are confidential.
FLIGHT CREW QUESTIONNAIRE o How comfortable do you think the motion of.

this flight made your passengers?

‘Date .~ Flight # [ 3] Very Comfortable -
Origin Destination ' [ 1] Comfortable :
Pilot [ 1 First Officer [ ] Stewardess[ ] [ 1 Neutral
{1 Uncomfortable
Takeoff Gross Weight 1bs. : 7
[ 1] Very Uncomfortable
Cruise: Altitude ft.

Air Speed knots
Ambient Temp.

Winds:

{ 1 vFr [ J1IFR

Unusual Occurrences?

Comments:

F.

Ground Speed

How difficult did the motion of this flight
make the following activities for the passengers?

Ny <« 2,

Q\k“'\o . kk-gd";\ .\é\"&

“3‘\ | 0_\‘%\ o&" | e};\Q .‘,@\0

the %\\‘;'Q & 3 d_d;o& \{.e&

Concentration [ ] | r1 [1 [ 1]
Reading  [1 [3 [1 [1 €1
Writing (1 1 1 €1 3
Steeptng [ 1 [1 [31 ({1 []

FIGURE 2, CREW QUEST [ONNAIRE



1. Indicate your overall reaction to the motion environment you experienced
on this flight,

)  Very Comfortable

) Comfortable

) Uncomfortable

(
(
( ) Neutral
(
{ ) Very Uncomfortable

2, How difficult did the motion of this flight make the fo]lowlng
activities?

Not at all Slightly Extremely :

Difficult Difficult Difficult Difficult Impossible
Concentration () () () ( ) ()
Reading () () () () )
Writing () () () () ()
Sleeping () ' () () () ()

FIGURE 3. SUBJECT QUESTIONNAIRE



CREW

PASSENGERS

50

4o

]
o o<
Y ~

Y101 30 LIN3JY¥3d

10

Jjqgellojuooun Adep
@] ge3jJojwooup
rmgu:mz
m_nmuLOmEou.

a|qeldojwo) Adap

a|gelJlojwoouny Adap
ajgelaojuooun
|ed3nay

3] ge3.10juo]

ajqelsojwoy Adsp

PASSENGER/CREW EVALUATJONS-=0OVERALL COMFORT
(A1 Aircraft; All Passenger Types)

FIGURE 4.



Mean of Crew Responses

N

FIGURE §,

K
-~
‘J
.‘/
’,("
p
.
e
. . f'(, LK)
}( x “3*‘ X ‘_;" *\" A
E
rd
v
."f“
."'JV

. ﬁ/.‘
XX KN X X N XN X

Mean of Passenger Responses

COMPARISON OF PASSENGER/CREW RESPONSES




Possible causes for these discrepan;ies are: a) the crew/flight attendants‘
are busy with tasks during flight and cannot easily assess the ride; and b)
the crew members are more attuned to handling qualities and this perhaps alters
their opinions on ride qualities, The results, however, indicate unmistakably

that the crew is a poor indicator of passenger comfort.

Passenger/Subject Responses

Figure 6 illustrates.the agreeﬁent over all flights between subjects and
passengers, |t can be seen that the distributions are similar except that the
subjects do not respond at the one level (very comfortable}., Figure 7 shows a
comparison of subject overall responses versus the mean of passenger responses
on a flight-by-flight basis, There appears to be poor agreement f{about 40%
outside the +.5 bound) between the two. Hence a one-to-one linear relationship
between the two does not exist. The question arises, then, as to whether the
passengers and subjects agree (in some sense of the word) at ail.

On an average, there are 10 passengers per fiight, .Typica] scatter among
their responses is shown in Figure 8, As is seen, when the mean of responses
falls clearly into either the comfortable or uncomfortable range (8a., 8c.),
there is general agreement among the passengers; however, wHen the mean is in
~the vicinity of the neutral point (éb.), considerable-disparity in feelings
is seen. The majority of data obtained to date have means on the comfortable
side of neutral (i.e., C < 3.0). This implies that most passengers are not
uncomfortable. Typically 10 - 20% of passengers were either uncomfortable
or very uncomfortable when the majority were not. Overall, the subjects agree

with the majority of passengers (25 of 27 cases).
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Very Comfortabtle
Comfortable
Neutral
Uncomfortable

Very Uncomfortable

Very Comfortable
Comfortable
Neutral
Uncomfortable

Very Uncomfortable

Very Comfortable
Comfortable
Neutral
Uncomfortable

Very Uncomfortable

Mean Response

‘Mean Response

Mean Response

Number of Responses

Number of Responses

Number of Responses

FIGURE 8., TYPICAL PASSENGER RESPONSE HISTOGRAMS



One measure of the disagreement among passengers is the standard deviation
of thelir responses (cp). In Table |, the percentage of cases for which the
normalized error between passenger and subjegt responses (i.e., E;-E;/GP, wheré
E; and Eg are the means of the passenger and subject responses, respectfvely)
is compared with a normal distribution of errors for the same normalized
standard deviation. fhis table indicates that approximately 90% of the subjects®
mean response Is within one standard deviation of the passengers' response. In
addition, the error distribution is considerably better (smaller) than that which
would be obtained from a normal distribution,

Hence it can be said that passengers and subjects agree as to whether the
flight is comfortable or not and the error in agreement is within a standard
deviation of the passengers' response mean. On the other hand, passenger and
subject ratings do not agree qne.to one, nor do they agree linearly with each
other.

A third-order curve fit to the data of Figure 7 yields a nonlinear rela-

tionship for the passenger versus subject response,

' P = 0.2035° - 1.7452 + 5,228 - 2.5 (1)

This is shown in Figure 9, where only 15% of the passenger responses disagreed
by more than 0.5 from the transformed (see Equation 1) subject responses,
Considering the small size of the subject group, it is felt that this represents

reasonable agreement with passengers,

12
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TABLE |

Normalized Error of Subject Responses

Cumulative Area Under Normal

Error < ) % of Cases Distribution Curve (x 100)
0.259, 28.6 . 19.7
0.5 gp L4 b 38.3
0.750p 68.3 54,7
1.000p 87.3 68.3
1.25qp 93.6 78.9
I.SOUP 100.0 86.6

14



Overa!l/Running Response

This sect!oﬁ deals with the manner in which subjects integrate their experi-
ences during the flight (running responses) to obtain their overall response
for the entire flight. Various weighting functions were used to obtain weighted
means of the running responses and these were compared with the overall responses.

Two types of weighting functions were tried: continuous and discrete. In
the former, the weighting function [ W(I)}] is continuous and depends on the running
response sequence numBer, I. In the latter, the entire flight is divided into
four quarters and each quarter is assigned a weight.

Various continuous weighting functions (e.g., equal wéight, W(r) = 1.,0;
linearly increasing weight, W(I) = I; etc.) were tried. An example of the
physical significancé of these can be seen from a linearly-increasing weighting
function, Here the subject gives more importance to the environment at the end
of the flight and less to that at the beginning in arriving at his overall

reaction, Table 2 summarizes the results obtained. |t can be seen that:

1, The mean of weighted means is equal to the mean of the

overalls for W{I) ~ IO'S. 10'75, II'O.

2. The standard error between overall and the weighted mean

is smallest for W(I) ~ 10'5, 10'75, I]'O.

0.5

3. The error distribution is best for W(I) ~ 1 and 10‘?5.

0.5 0.75

0.75 or I are favored and I °

0.7%

Hence W(I) ™ 1 is chosen as the best weighting

function. Thel weighting function is shown in Figure 10. This type of
weighting implies that the passengers' overall reaction to the flight is a

stronger function of the latter portion of the flight than the beginning.

15



TABLE 2

Comparison of Overall Response With Weighted Means Of

Type of Weighting

Subjective Response (Continuously Weighted)

Function W(1) 1.0 _[0.5 10.75 11.0 I].S 2.0
Percentage of cases for which
the predicted overall response
by weighting, Cw, differed
over the actual overall
response by: >0.5 9 6 6 6 1 15
>0,75 0 1 1 2 2 3
>1.0 0 0 0 0 0 -0
>1.5 0 0 0 0 0 0
Mean of Welghted Means 2.8 2.9 2.9 2.7 3.0 3.0
Standard Error Between
Overall and Weighted Mean 3 .29 .29 .29 .31 .34
Number of flights: 89
. n
Mean of Overall Response: 2.9 z CI W)
Definition: Weighted mean response CW = I;l
7 W(I)
I=1

where I - response segment number

C - comfort index

16
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Next the discrete mode was considered, Here the subjective response
{running) is divided into four groups (quarters) and each group assigned a
weight.

Table 3 indicates those cases which have reasonable error distributions
taken from all the permutations and combinations tried (these included weights
of 0,25, 0.5, 0.75, and 1,0 for each gquarter ). In all, for 72 flights, the

mean of the overall responses is 2,86,

18



TABLE 3

Comparison of Overall Respeonse With Weighted Means of

Subjective Response (Discrete Mode)

de - Standard Error % with error >

Type of Weighting Mean of Between Overall and
No., Function W Weighted Means Weighted Mean 0.5 0.7 1.0
| 0.25/0.5/1/0.5 2.795 0.322 2.7k 0 0
2 0.5/0.5/1/0.5 2.79 0.325 2.74 0 0 0
3 0.75/0.5/1/0.5 2.78 0.332 2,74 1.37 0 0
i 0.5/0.5/0.75/1 2.85 0.33 5.48 0 0 0
5 0.2/0.4/1/1 2.87 0.32 g, 48 0 0

The best choice among these is-with W~ 0.25/0.5/1/0.5 with about 3% of
cases disagreeing (error >0.5) but no error larger than 0,75. Further, the
standard error is low (0.32) and the mean of weighted means (2,795) is close
to that of the mean of overalls (2.86). The weighting function is shown in

Figure 11,
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From discrete and continuous weighting it is seen that, with a suitable
choice of weights, the percentage of cases with error >0.5 can be reduced to
about 5%. This level of error is attributed to random error and hence cannot
be eliminated,

It is felt that the continuous weight approach yields a more intuitively
satisfying result, although the error is slightly greater. 1in all, the results
indicate that a memory decay does occur {(the beginning of a flight being less
important than the end) and that the overall response of a subject can be

predicted from his responses during a flight,

Conclusion
In conclusion it can be noted that:

a) Within acceptable limits, the crew/flight aftendants do not
appear to be able to predict passenger responses,

b) There exists a relationship between passenger and subject overall
responses,

c) Finally, a strong reiationship exists between a suitably weighted
running and overall subjective response. The recommended weighting
function is W(1) - 10'75, indicating that the latter part of a

flight is given more importance in a subject's overall comfort

evaluation than the beginning of the flight.
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